New phosphorous-containing salicylates and two allyl salicylates with pharmacological potential, derived from salicylic acid, have been synthesized. Their chemical structure has been established by spectral analyses (mass spectra and 1H-NMR). The salicylates presented low toxicity, also showing a remarkable antipyretic activity, greater than that of acetylsalicylic acid (aspirin). Partition coefficient (log P), and dissociation constant (pKa) were calculated by the use of ACDLabs system software. The obtained values were correlated with experimental data of activity.
INTRODUCTION
The interest in salicylic acid derivatives is due to their numerous pharmacological applications. Literature data offer various examples of salicylates with biological activity, including local anaesthetic, anti-inflammatory, antipyretic, analgesic, and antibacterial effects [1] . Salicylate toxicity and poisoning are rare in recommended doses, however, salicylate side effects are prominent problem in developing countries where they are used as antipyretic. Meanwhile, there are development and introduction of new antipyretic agents that compete with aspirin. This has made chemists to search for a better tolerable drug which are devoid of toxic and side effects of aspirin has been shown in the central nervous system, respiratory, gastro-intestinal tract, hepatic, metabolic and coagulation systems of the body [2] . This work is the stage in evaluating the various biological activities produced by wide range of oxybenzoic acids derivatives synthesized in our laboratory. In some therapeutic classes, a phosphonic acid is a bioisostere for a carboxylic acid.In the World Drug Index there are many compounds, primarily aliphatic, which contain a phosphonic acid group [3] .This communication therefore describes the synthesis of salicylates such as allyl 2-hydroxybenzoate, allyl 2-acetoxybenzoate,dimethylβ(Оsalicyloyl)ethylphosp honate,diethylβ(Оsalicyloyl)ethylphosphonate,diiso propyl-β-(О-salicyloyl) ethylphosphonate, and their effects on temperature (pyrexia) and toxicity.The lipophilicity of a substance is one of the parameters which influences its biological activity and is wellknown prime physiochemical descriptor to QSAR study [4] . Lipophilicity, expressed as the logarithmic value of the octanol/water partition coefficient (logP), is a fundamental parameter that models the biological partition behavior of drug molecules. For example, drug absorption and logP are directly related because of passive diffusion across the cell membrane. If the LogP value is below 0 or above 5, drug candidates usually have intestinal and central nervous system (CNS) permeability problems or low solubility and poor oral bioavailability [5] . The aim of this study was to synthesize new phosphorus-containing salicylates and determine the relationship between lipophilicity and antipyretic activity of new salicylates of which some have shown anti fever activities higher than aspirin.
MATERIALS AND METHODS
Mass spectra were performed by Zelinsky Institute of Organic Compounds (Russia, Moscow) and were made on ESI-TOF spectrometer. 1H NMR (300MHz) spectra were recorded in DMSO-d on Varian Mat 111. Chemical shifts are reported in parts per million downfield from internal reference tetramethyl silane (TMS). The values of elemental analyses were found to be within ±0.4% of the theoretical ones unless otherwise indicated. The other chemicals were of analytical grade and were used as purchased (SigmaAldrich, Fluka).
Chemistry
General procedure for synthesis of allyl salicylate (I-II).
Salicylic (2-hydroxybenzoic) acid (SA) or acetylsalicylic (2-acetoxybenzoic) acid (ASA) (27.8 mmol), anhydrous potassium carbonate (14.5 mmol) were dissolved in N,N-dimethylformamide (20 ml) at 60 -65 0 C. To the solution allyl bromide (28.1 mmol) was added gently. The reaction mixture was left for reflux for 1.5 h, and then, after cooling, washed with water and extracted with ether. The product was distilled under reduced pressure and collected allyl salicylate (allyl acetylsalicylate) as a colorless liquid.
General procedure for synthesis of dialkyl-β-(Osalicyloyl)ethylphosphonate (III-V).
Benzene (25 ml), SA (36 mmol), dialkyl (2-hydroxyethyl)phosphonate (39.6 mmol) and pTsOH (2.52 mmol) were placed into a 100 ml round-bottomed flask provided with Dean-Stark receiver. The reaction was left for reflux for 8 hours. After cooling, the reaction mixture was poured into excess water, separated the benzene layer, washed with saturated sodium bicarbonate, dried with anhydrous magnesium sulphate, filtered, and evaporated. The product was distilled under reduced pressure and collected dialkyl-β-(О-salicyloyl)ethylphosphonate as a colorless liquid soluble in organic solvents and insoluble in water. 
Pharmacology

Anti-pyretic activity in rats
The antipyretic activity was evaluated for the prepared compounds by using the yeast-induced hyperpyrexia method [6] . We used rats of either sex, weighted 170.85 ± 9.47 g, which were divided into eight groups. Rats were given s.c. 20 ml/kg of 20 % aqueous suspension of sterilized brewer's yeast powder. 
Acute toxicity of synthesized compounds, SA and ASA
All of the synthesized compounds, SA and ASA were further evaluated for their approximate acute lethal dose LD 50 in male mice using a literature method [7] . Albino mice of either sex weighing 22.83 ± 0.46 g were grouped into 12 groups of six animals each, starved for 24 h with water ad libitum prior to test. On the day of the experiment animals were administered with different compounds to different groups in an increasing dose of 200, 500, 1000, 1500, 2000, 2500 and 3000 mg/kg body weight orally (table 3) . The animals were then observed continuously for 3 h for general behavioral, neurological, autonomic profiles and then every 30 min for next 3 h and finally for next 24 h or till death and daily thereafter for a total of 15 days. Body weights were recorded prior to fasting, immediately preceding dosing and at 15 days. All mice which died on study were subjected to gross necropsy examination as were all survivors at the end of the 15-day observation period. All surviving mice exhibited normal body weight gains during the 15-day observation period. All major organs were examined. No treatment-related gross pathological changes were found in the organs of the mice at the dose levels tested. The LD 50 of studied compounds in mice was calculated by the Litchfield-Wilcoxson method. Table 3 . Acute toxicity of synthesized salicylates compared to SA and ASA
RESULTS AND DISCUSSION
The results of the antipyretic activity of the compounds are presented in Table 2 . Administration of the yeast to the rats produced significant increase in rectal temperature 18 h after yeast injection. manifested a remarkable antipyretic activity much higher than that of acetylsalicylic acid. Toxicological data showed that allyl acetylsalicylate and new phosphorous-containing salicylates reduced toxicity.
The term "therapeutic index" refers to the therapeutic index of a drug defined as the ratio of the compound's 50% toxic concentration (LD 50 ) to the compound's 50% effective therapeutic concentration (ED 50 ). In the study, dosage of 50 mg/kg was used as effective (ED 50 ) for all studied salicylates. All synthesized salicylates presented about ten times lower toxicity and higher therapeutic index levels than aspirin (table 3) . The allyl fragment in aspirin and phosphonate residue in salicylic acid molecule are significant fractions of compounds that would be deemed to have such satisfactory anti fever activity through oral bioavailability In general, replacing a carboxylic OH group with phosphorus-containing residue or allyl radical on SA or ASA molecules can be expected to increase the logP by at least 0.5 logP unit. The pKa values of phosphonates are 8, and for the allyl salicylates are 7 to 8.1. All studied compounds are much less acidic compounds than SA or ASA, which may be helpful in active transport. Analysis of the relationship between log P values and the antipyretic activity showed that the most active anti pyretic compounds had logP values about 2 (II and III), but the potency began to decrease if the value of log P was too high, which decreased the rate of absorption of the compound. In the series above, anti-pyretic activity dropped off for isopropylsubstituted phosphonate (V) and allyl salicylate (I) with log P > 3.0.
CONCLUSIONS
From above study it may be concluded that all synthesized salicylates have shown antipyretic activity higher to that of aspirin. The present study of new compounds containing a phosphoric residue indicates that they can and do play a role in drug design. The obtained values of pKa and logP were correlated with experimental data of activity.
